Objectives. Posttraumatic stress disorder (PTSD) results from experiencing or witnessing traumatic, life-threatening events including combat-related experiences. The purpose of this study was to investigate the prevalence of PTSD symptoms and diagnosis, self-reported exposures, and functional health in a large cross-section of the U.S. military.
Results. PTSD diagnosis without current symptoms was reported by 953 respondents (1.2%, weighted), 1,490 respondents (2.1%, weighted) reported no diagnosis but reported PTSD symptoms, and 287 respondents (0.4%, weighted) reported diagnosis and current symptoms. Self-reported exposure to chemical or biological warfare agents, protective countermeasures, or hearing alarms were associated with PTSD symptoms independent of other combat-like exposures. Physical health was similar among those with PTSD diagnosis and current PTSD symptoms. However, compared with the overall cohort, lower mental health summary means for those reporting current PTSD symptoms (mean 5 27.8), current symptoms and diagnosis (mean 5 24.6), and diagnosis without current symptoms (mean 5 47.5) were found.
Conclusions. Results suggest a 2.0% prevalence of PTSD symptoms without diagnosis and that self-reported threatening exposures were significantly associated with PTSD symptoms. Mental and physical health scores of those with current PTSD symptoms appear diminished, but suggest a return to cohort levels with resolution of PTSD symptoms.
Posttraumatic stress disorder (PTSD) is a psychiatric condition resulting from experiencing or witnessing traumatic events such as military combat, 1-10 natural disasters, 11 terrorist attacks, [12] [13] [14] serious accidents, 15 death, 16 or violent assaults or other physical, sexual, or emotional abuse. [17] [18] [19] [20] [21] Reported lifetime prevalence of PTSD in an adult U.S. sample of the National Comorbidity Survey was 7.8%, with women (10.4%) twice as likely as men (5.0%) to have PTSD at some point in their lives. Symptoms are likely to persist in at least one-third of those with PTSD. 22 Participation in armed conflicts results in a multitude of adverse health outcomes, including emotional and psychological conditions from real and perceived exposures. 23 Since the U.S. Civil War, comparable syndromes, illnesses, and conditions have been documented following every conflict, with some minor variations and different naming conventions. 24 While acute combat stress reaction has been thought of as an immediate consequence of psychological trauma, 25 PTSD, initially called "Post-Vietnam syndrome," has since been used to describe a condition resulting from both short-and long-term consequences of extreme psychological stress. 24, 26, 27 Although combat experience is an established cause of PTSD symptoms, little is known about other exposures associated with PTSD symptoms. Exposures, such as chemical or biological (chem/bio) agents, medical countermeasures against chem/bio agents, or hearing chemical agent alarms necessitating the wearing of chemical warfare protective gear, may have a profound influence on psychological morbidity and PTSD. Perceived threats may also play a role in developing PTSD symptoms independent of other combat experiences. 23, 28 This article reports the prevalence of PTSD symptoms and diagnosis in a large, population-based U.S. military cohort and investigates the association with self-reported exposure to chem/bio agents independent of other self-reported military, combat, and combat-related exposures. This article also documents the physical and mental health of those with PTSD symptoms and diagnosis and associated problem drinking and cigarette smoking.
METHODS

Population and data sources
This study included 75,156 baseline consenting participants from the first panel of the Millennium Cohort Study (enrolled July 2001 to June 2003), a 22year longitudinal study of military personnel health. 29 Designed oversampling resulted in a population-based U.S. military sample of more than 25% women and 30% deployed to Southwest Asia, Bosnia, or Kosovo between 1998 and 2000 as of October 1, 2000. This research was conducted in compliance with all applicable federal regulations governing the protection of human subjects in research (Protocol NHRC.2000.007).
In addition to self-reported survey data, demographic and military personnel data were linked to each participant and reflected military status as of October 1, 2000. These data included gender, birth year (pre-1960, 1960-1969, 1970-1979, and 1980 and later) , education level (high school or less, some college or a bachelor's degree, more than a bachelor's degree), marital status (married, never married, divorced/ other), pay grade (enlisted or officer), race/ethnicity (white non-Hispanic, black non-Hispanic, and other), service component (active duty or Reserve/Guard), service branch (Army, Air Force, Navy/Coast Guard, and Marines), and occupation (combat specialist, health-care specialist, functional and support specialist, or other).
Measures
Examination and diagnosis of PTSD has been debated since first appearing as a formal diagnosis in the Diagnostic and Statistical Manual of Mental Disorders, 3rd ed. (DSM-III), in 1980. [30] [31] [32] [33] [34] [35] [36] [37] [38] Because traumas associated with PTSD are heterogeneous, defining PTSD and symptom criteria as well as establishing etiologies has been challenging. [39] [40] [41] Further, the pattern of PTSD symptoms over time, emerging or reemerging long after the original trauma, 26, [42] [43] [44] [45] [46] [47] [48] contributes to the complexity of diagnosing PTSD and the differences in reported prevalence estimates. 49 The PTSD Checklist-Civilian Version (PCL-C) is a 17-item self-report measure of PTSD symptoms that requires respondents to rate the severity of each symptom during the past 30 days on a five-point Likert scale ranging from 1 (not at all) to 5 (extremely). Participants were identified as having PTSD symptoms if they reported a moderate or higher level of at least one intrusion symptom, three avoidance symptoms, and two hyperarousal symptoms (criteria established by the DSM-IV), 27 and had a score of 50 or more on a scale of 17 to 85. 4, [50] [51] [52] This approach has been shown to have reasonable sensitivity (0.60) and high specificity (0.99). 53 Internal consistency of the PCL-C in this cohort, as measured using Cronbach's alpha (a50.94), indicated an appropriate measurement tool for this population. 54 In addition to the PCL-C assessment of PTSD, participants were asked, "Has your doctor or other health professional ever told you that you have any of the following conditions?: PTSD (no, yes). If yes, what year did the problem begin?" Functional health was measured by the Medical Outcomes Study Short Form 36-Item Health Survey for Veterans (SF-36V). [55] [56] [57] The SF-36V assesses eight health concepts 55, 58 that make up the physical component summary (PCS) and mental component summary (MCS). 59, 60 MCS and PCS scores were calculated using 1998 general U.S. population norm-based scoring algorithms, where a score of 50 and a standard deviation of 10 reflect the 1998 U.S. population. The scales are constructed such that higher scores reflect better functional health. 55 If the respondent answered at least half of the questions in a scale, imputed values were used for the missing questions to reflect the mean of the score for the complete portion of that scale. 55, 58 
Self-reported exposures
The Millennium Cohort questionnaire includes an occupational exposure section that asks, "Have you ever been exposed to the following?", with allowable answers of "no," "yes-one time," and "yes-more than one time." It also asks the year of exposure. Within this section are three items regarding exposures to chem/bio warfare or countermeasures for these weapons: (1) chem/bio warfare agents, (2) other medical countermeasures for chem/bio warfare agent exposure, and (3) alarms necessitating wearing chem/bio warfare protective gear. Within the chem/bio variable, if a cohort member reported exposure one or more times to (2) or (3) and not (1), they were designated as having reported exposure to medical countermeasures or alarms necessitating wearing protective gear for chem/bio warfare agents. If a cohort member reported exposure one or more times to (1), the individual was designated as reporting exposure to chem/bio warfare agents.
For the purposes of investigating the association between chem/bio exposure and PTSD independently of other combat-type exposures, questions about combat-type exposures addressing "Witnessing a person's death due to war, disaster, or tragic event," "Knowledge of or witnessing instances of physical abuse (torture, beating, rape)," "Dead and/or decomposing bodies," "Maimed soldiers/civilians," and "Prisoners of war/ refugees" were grouped into a single "combat-like exposure" variable.
Smoking cigarettes and drinking alcohol
Current smoking was assessed based on responses to the following questions: "In your lifetime, have you smoked at least 100 cigarettes (five packs)?", "In the past year, have you used cigarettes?", and "Have you ever tried to quit smoking?" Problem drinking was assessed using the CAGE questionnaire. 61
Statistical analyses
We conducted descriptive and univariate comparisons of cohort members' exposures, functional health, demographics, and military characteristics, stratified by self-report of (1) no PTSD symptoms, (2) being told by a health-care professional that they had PTSD without current PTSD symptoms based on the PCL-C (PTSD diagnosis without symptoms), (3) PTSD symptoms based on the PCL-C without diagnosis (PTSD symptoms without diagnosis), and (4) being told by a health-care professional that they had PTSD with current PTSD symptoms based on the PCL-C (PTSD diagnosis and current PTSD symptoms).
Univariate analyses and adjusted odds ratios were weighted based on response differences from the proportion of 2000 U.S. military for gender, birth year, education, marital status, race/ethnicity, military rank, and military component (active duty or Reserve/Guard).
Variables examined included gender, age, education, marital status, and race/ethnicity; deployment to the 1991 Gulf War (GW), Southwest Asia (SWA), Bosnia (BOS), or Kosovo (KOS) (none, 1991 GW only, 1991 GW and BOS/KOS/SWA, or BOS/KOS/SWA only); other combat-like exposures (no/yes); rank, service branch, component, occupational category, smoking (no, past, current); and problem drinking (no/yes).
An initial analysis was completed to assess multicollinearity, significant associations, and possible confounding, while simultaneously adjusting for all other variables in the model. Confounding was investigated using a manual backward removal technique of variables that were not contributing significantly to the model, at a#0.05, while potentially distorting the measure of effect by more than 15%.
Multivariate polychotomous logistic regression with response weights was used to investigate the adjusted association of self-reported exposures to chem/bio warfare agents, protective countermeasures for these agents, or hearing alarms due to these agents, with PTSD symptoms or self-reported health-care providerindicated PTSD. Data management and statistical analyses were performed using SAS ® . 62 
RESULTS
Complete military, demographic, PTSD, and MCS and PCS scores were available for 75,156 (about 98%) Millennium Cohort participants. Differences in characteristic proportions among the cohort, the invited sample, and the U.S. military in 2000 are reported in Table 1 . The majority of the study population consisted of men who were born between 1960 and 1979, married, and enlisted members serving on active duty; other demographic features are shown in Table 1 . In this cohort, 42% reported current or past smoking and 19% reporting problem drinking. Nearly 15% reported chem/bio alarms or countermeasures and 5% reported exposures to chem/bio warfare agents, while more than 40% reported other combat-like exposures (data not shown). reporting current symptoms. Those reporting PTSD diagnosis without symptoms, current PTSD symptoms, or PTSD diagnosis with current PTSD symptoms were significantly more likely to be women, less educated, and report current smoking and problem drinking behaviors. Those with no diagnosis of PTSD and current symptoms, or diagnosis of PTSD and current symptoms, had significantly less favorable PCS and MCS scores, while those with PTSD diagnosis and no current symptoms had lower scores that appeared closer in magnitude to the overall cohort means. Table 3 compares the weighted military characteristics after stratification by PTSD symptom and diagnosis status. Those reporting PTSD diagnosis only, current Includes participants told they had PTSD by a health-care professional without current symptoms based on the PTSD Patient Checklist (PCL-C). c PTSD symptoms at baseline enrollment determined using the PCL-C. PTSD symptoms only, or PTSD diagnosis with current PTSD symptoms were also more likely to report chem/bio exposure to alarms or countermeasures or chem/bio warfare agents and other combat exposures, and to have been deployed to the 1991 GW, enlisted, and Army personnel. Active-duty members were more likely to report current symptoms without a PTSD diagnosis. In contrast, Reserve/Guard members were more likely to report a diagnosis of PTSD with and without symptoms. Health-care specialists were also more likely to report a diagnosis of PTSD without symptoms. Investigation of multicollinearity, using variance inflation factors of greater than four to establish multicollinearity, showed there were no variables in Table  1 exhibiting noteworthy multicollinearity. Weighted multivariate polychotomous logistic regression results for demographic and military characteristics are presented in Table 4 . Those reporting chem/bio agent alarms or countermeasure exposure or other combat-like exposures were significantly more likely to also report PTSD diagnosis with and without current symptoms as well as current PTSD symptoms without diagnosis when compared with those with no PTSD symptoms or diagnosis.
Weighted multivariate polychotomous logistic regression results for possible comorbidities are shown in Table 5 . Those with more favorable MCS and PCS scores were significantly less likely to report PTSD diagnosis or current PTSD symptoms when compared with those with no PTSD symptoms or diagnosis. Those reporting signs of problem drinking were 1.36 times more likely to report PTSD symptoms without diagnosis when compared with those without signs of problem drinking (95% confidence interval 1.08, 1.72).
DISCUSSION
PTSD affects physical and mental health and is associated with numerous comorbidities. In this study, the combined weighted prevalence of diagnosed and undiagnosed PTSD symptoms was 3.7%. The majority of these individuals (2.0%) were those with PTSD symptoms without a diagnosis of PTSD; a little more than 1.0% reported being told in their lifetime by a health-care professional that they had PTSD but did not exhibit current symptoms as defined by the PCL-C. Differences in the amount of self-reported PTSD in U.S. military found in these analyses as compared with that reported elsewhere were likely due to variations in the populations studied and time period of assessment. 4 This article also documented the self-reported Chem/bio 5 self-reported exposure to chemical or biological warfare agents, protective countermeasures for these agents, or hearing alarms due to these agents stressful experiences of exposure to chem/bio warfare agents, protective countermeasures, or hearing alarms due to these agents as being significantly associated with PTSD diagnosis and current PTSD symptoms independent of other combat and combat-like exposures.
We found a strong association between current PTSD symptoms and decreased mental and physical health, as well as a tendency toward levels in the general cohort of mental and physical health with the apparent resolution of PTSD symptoms. Finding a significant association between reporting PTSD symptoms or diagnosis and reporting an experience related to chem/bio warfare, independent of reporting other combat-like exposures, is interesting. There is no evidence that chemical warfare nerve agents were used during the 1991 GW. 23 Therefore, increased exposure reporting may be related to combat stress 63 and may also result in increased symptom reporting. Alternatively, although evidence of exposure to chem/bio warfare agents during the 1991 GW has not been shown, the perception of a chem/bio exposure significantly increased the odds for reporting of PTSD symptoms among those with both diagnosis and current symptoms. This type of self-reported exposure, while difficult to validate, may be used as a surrogate for unmeasurable stressful or life-threatening exposures that may be experienced in combat situations and may result in an important cause of post-combat morbidity.
Diminished physical and mental health in association with current PTSD symptoms confirms previous findings. 64, 65 It is noteworthy, however, that those with past PTSD diagnoses demonstrating apparently resolved symptoms had physical and mental functioning similar to the general cohort. The mental health of those with current symptoms was surprisingly low in the context of the magnitude of the PCS and may reflect a population that appears physically fit for duty but that may be vulnerable to stress induced from deployment to combat areas. While the 2.0% who reported PTSD symptoms without a diagnosis may be indicative of those without the disorder, these individuals may also represent a population without knowledge, understanding, or acceptance of the disorder. These individuals appear physically fit and may not display noticeable signs of lower functioning to health-care providers or superiors. Enhanced and standardized screening for PTSD symptoms, along with coordinated controlled trials to investigate effectiveness of treatment methods, may benefit those with undiagnosed PTSD symptoms. The use of alcohol and cigarettes was evident in those with current PTSD symptoms. However, the prevalence of both problem drinking and current smoking seemed to approach general cohort levels in those reporting PTSD diagnosis without current symptoms based on the PCL-C. This, in itself, may be a marker for those who never had PTSD symptoms or perhaps a marker for those with resolution of symptoms. If associated with resolution of PTSD symptoms, it would be a positive outcome and suggest that effective treatment of individuals, returning them to non-symptomatic levels of PTSD, may reduce the risk of adverse health behaviors such as problem drinking and smoking.
Limitations
Limitations to these analyses should be considered. First, although 71% participated in follow-up surveying between June 2004 and February 2006, the initial response to the invitation for participation was 36%. 29 The generalizability of results based on data from this cohort to all U.S. military has been examined by investigating potential reporting biases among Millennium Cohort participants. These analyses have shown no differences in responder health with respect to medical encounters in the year prior to enrollment, 66 strong test-retest reliability, 54 reliable vaccination reporting, 67, 68 occupation reporting, 69 and deployment reporting, 70 and little difference between participants choosing Web submission vs. paper submission. 71 Differential response rates that are influenced by PTSD symptoms are particularly concerning. Further, it is possible that those who were ill may have believed that inclusion in a study of this type might be of benefit to them, resulting in a possible overestimation of the true prevalence of PTSD. Conversely, those who may have been physically or mentally ill, specifically those who may have PTSD, may have found the survey distressing and chosen not to respond; this would potentially underestimate the true prevalence of PTSD.
Further analyses of potential response bias to continued follow-up are ongoing. Self-report of exposures and outcome data used to represent the true exposure and disease prevalence in this cohort may be limited. Studies have shown that increased exposure and symptom reporting occur among personnel seeking medical compensation. 72 However, compensation is not offered to Millennium Cohort participants, and this fact may mitigate this bias. Still, differential reporting of either exposures or symptoms would bias these results and may result in incorrect inferences based on PTSD symptom and exposure reporting. Further, it was not possible to discern those exposures that were truly unique to military service from those that could be encountered through other occupational or nonoccupational activities. Lastly, although the PCL-C has undergone thorough testing and has been found to correlate well with a physician's assessment of PTSD, the use of a survey instrument as a surrogate for PTSD diagnosis is imperfect and can only measure PTSD symptoms in a population. However, PTSD is often underreported in health-care databases due to the stigma associated with mental health illness, making self-reported instruments essential tools for identifying this disorder in populations not readily submitting for care for mental disorders.
Strengths
There were also many strengths in these analyses. Although self-reported data were inherently limited, they were also invaluable for the information provided that was not accessible elsewhere. Further, the use of a standard instrument allowed for comparison with other populations, such as the U.S. population in general and other military populations. Additionally, the large sample, including a large proportion of women, allowed for robust estimation of prevalence and associations.
CONCLUSION
We documented a 2.0% prevalence of current PTSD symptoms without diagnosis and an almost 0.5% prevalence of current PTSD symptoms with a health-care provider diagnosis. Rising concern regarding deployment-related exposures as well as the decreased physical and mental health associated with PTSD in returning deployed personnel have prompted many investigations into the etiologies of PTSD and associated comorbidities. In addition to describing the prevalence of diagnosis and current PTSD symptoms in a large U.S. military cohort, we investigated how PTSD was associated with self-reported stressful exposures.
Findings suggested that real or perceived exposures to chem/bio warfare agents, protective countermeasures for these agents, or hearing alarms due to these agents were associated with a twofold increased risk for diagnosis or current PTSD symptoms. Those with a PTSD diagnosis with no current PTSD symptoms had significantly better physical and mental health when compared with those with current PTSD symptoms, possibly suggesting overreporting of PTSD diagnosis or resolved symptomology. More research is necessary to prospectively evaluate the risk for development of PTSD after significant combat deployments and to identify the types of combat exposures most predictive of PTSD onset. The Millennium Cohort, a prospective 22-year study, will soon meet this important research need.
